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ASDIR-II PROGRAM DESCRIPTION

INTRODUCTION

This Program Deseription outlines the structure of ASDIR-II in order

to give the users the essential knowladge required for program implementa-
tion, use and modification. Simplified structural and flow diagrams of

the major programs and short functional descriptions of ail programs and
subroutines are given to help describe ASDIR.  The level of detail presented
in this manual is consistent with the availability of reference and docu-
mentation material, i

tional accuracy,

Essentially this manual - written in the same order as the calling

Sequences in ASDIR, with modification only when structural considerations
and clarity dictate.

Pleasc note, this manual is intended as an aid to the user to allow

better understanding of each program's function and not as a users manual
(see ASDIR-IT, Volume I - USERS MANUAL) .
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GENERAL PROGRAM DESCRIPTION

The Aeronautical Systems Division's InfraRed Signature Predictlon

Mocdel (ASDIR) is a computer code utilizing the overlay structure shown
in figure 1. These overlays are organized into three major functionally
modularized computational groupings, figure 2: (1) Hot Parts Analysis;
{2) Piume Gas Dynamiecs; and (3) Signature Prediction. A fourth overlay
element establishes the required data initialization and input/output
operational capabilities.

This volume is organized in the following functional format:

1. ASDIR ¥ - Pro:ram Control

2. Data Initialization § I/0

3. Hot Parts Analysis

4. Plume Gas Dynamics

S. Signature Prediction

6. Program lListing in Overlay Form

RN

————
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

e T o =4 e =R m G SRR o7 - 1
o

ASDIR 2 (Page A-4)

This program is the main controlling routine of
ASDIR (the Aercnautical Systems Division InfraRed
Signature Prediction model). ASDIR's prime
function is to provide a logical sequence of calls
to the functional programs.

None
None
All overlays and data blocks

See figures 1 and 2 and program listing on /
page A-4, 3
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PROGRAM:

~UNCTION:

TNPUT:

—

bl

2UTP

[}

SUBROUTINES:

DESCRIPTICN:

INPUT (Page A-43)

Provide a vehicle by wh
parameters, case defini
can be read intoe ASDIR.

ich the desired calculation

tion and dnota initialization

All control and cemmutationazl variables in the

CASE namelist.

Computationally compatible case and dimensional

datsa.

None

See ASDIR-II Volum: I, User's Guide,
description of the namelist variebles.

10
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PROGRAM:

FUNCTION:

. INPUT:

OUTPUT:

SUEROUTINES:

DESCRIPTION:

it~ A CUE L S S G

DATINT {(Page A-79)

To initialize the calculation parameters.

None

Initialized calculatica parameters

None

This program has been written to initialize the
common block data to the default case. See
ASDIR-II, Volume I, User's Guide for default
options. A secondary function of this program
is to allow use of ASDIR on systems in which a
zero core initialization is not available.

11
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PROGRAM:

FUNCTION:

INPUT:

OuTPUT:

SUBROUTINES:

DESCRIPTION:

FILTER (Page A-106)

Provides a means of accessing storced filter
response datr. or entering a filter responsc
of the uscr's cholice.

Filter mumber or (ilter hand width and »esponse.

Filter response.

o

1e

Stored filter rcsponses are in data stztements
vwith modific.tion possible through namelist FILT.
This program nlso can pe used to inrtialize the
wavenumber culculation intervals.

12
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

XPLOT (Page A-109)

To provide a means of file manipulation for

either punching or printing spatial signature
data.

Calculated spatial signature data.
Punched or printed spatial data.

None

This program requires the use of a punch file
and an addition file TAPE 8§,

it e e L




PROGRAM:

Block Data H20 (Page A-15)

FUNCTTON: Data Rlock for water vapor bhand parameters.
INPUT: Nore

oITPUT Nnne

SUBROUTINES: None

DESCRIPTION: See References 11, 2, 3}

PROGRAM: Block Data C02 (Page A-7)

FUNCTION: Data Block for carbon dioxide band parameters,
INPUT: None

OUTPUT: None

SUBROUTINES: None

DFSCRIPTTON:

See Refercnces [1, 2, 3
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

SIGNIR

To calculate the hot parts signature and
descriptive parameters required in ASDIR.

Engine description, gas properties and case
definition (See ASDIR-II, Volume I, User's Manual).

Primarily the information which is transferred from
the SIGNIR link to ASDIR is an equivalent black body
area and equivalent black body temperature.

See Figure 3.

With the exception of the modifications required

to adapt SIGNIR to the ASDIR format the hot parts
calculations are performed with the original LTV/
SIGNIR-I computer code. This code was choscen

for only one rcason; it has proven to be the best
available methodology to predict engine hot metals
signatures regardless of program size, operating cost
or complexity.

The description of the infrared signature prediction
program (SIGNIR) is provided by the following
discussions which cover a general description of the
program, the program computational procedure and the
analytical methods utilized in obtaining the solution.

The program SIQNIR is a digital computer program written
for the purpose of providing predictions of the hot
metal infrared emission from aircraft engine exhaust
systems. The program is designed to be applicable to
axi-symmetric turbojet, turbofan, or turboshaft engine
exhaust systems. It predicts the spectral intensity

of the radiant energy emitted from exhaust system hot
metal in the wavelength band of from one to 15 micrans.

In general, the information required by the program is
as follows:

Exhaust system physical characteristics
Fngine operating conditions

Special surface cooling flow conditions
Exhaust system surface properties

The predictions provided by the progy i for the

combination of a selected maximum of 20 engine off-axis
angles are:

15
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Spectral radiant intensity nonattenuated by the atmosphere
Selected radiant intensity bandwidth summations nonattenuated
by the atmosphere

Optional exhaust system information which can be requested from the
program is:

. Internal fluid flow properties
. Surface boundary layer data

Internal and external geometric radiation view factors
. Surface temperature distribution
« Thrust information

The process of computing the intensity of the infrared energy emitted

from aircraft exha:.st system hot metal requires a knowledge of the
metallic surfaces temperaturc, emissive properties and their relative
physical positioning within the system. From this information, the radiant
energy cmitted and reflected from the eéxhaust system to a point in spice
can be determined. The camputational procedure established by this program
for the prediction of exhaust system hot metal infrared radiation is shown
by major suwbjects in the general block diagram presented on figure 3.

The input data required by the program provides a physical model (nodal
system) of the exhaust system configuration, the properties and conditions
of th: exhaust gases entering the system, band width and location relative
to the exhaust system. The program undertakes a one-dimensional, isentropic,
compressible flow analysis which generates the axial distribution of exhaust
gas flow conditions and properties within the system. Where two gas

streams at different temperatures flow within a single passage, conpound
flow considerations arc utilized. The program adjusts the flow at the
nozzle throat to balance with the ambient pressure or a chocked condition
dependent on the system's entrance flow data.

With the intemal flow propertics defined, a surface boundary layer analysis
is conducted to obtain the coefficients of convection and friction along
each surface within the system, This analysis is primarily dependent on
the surface's axial static pressure distribution and the upstream boundary
layer conditions. An area weighted average coefficient of convcction for
each of the model's surface nodes (isothermal regions established by the
input data) is computed for the system thermal analysis. The axial force on
each surface, intemal to the system, is computed utilizing both the
fricticnal and pressure-area forces.

Descriptions of the routines associated with SIGNIR are presented in Table
1. Further definitions of the routines can be found in ASDIR-II, Volume
ITI, Reference Documentation or in Reference [4].

The program SI@NIR, other than a few minor programming changes, rcmains
as developed by LTV. The only link between SIGNIR and ASDIR-II is Common
Block OUT, containing the following information:

liquivalent Black Body Area, oMl

Equivalent Black Body Temperature, deg-K
. Viewing Aspect Angles, degrees off tail
. rumber of Aspect Angles

17
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ROUTINE

NAME

ARCCOS

ARRAY

AVFR

AVERFS

AVERHT

AXAREA

BODY

CALFOR

CANSEE

CEDIT

CHECK

TABLE 1

DESCRIPTION OF SIGNIR ROUTINES

BASIC FUNCTION

Determines the angle, in radians, correspond-
ing to & given cosine value. The angle will
be fyom rero to /2 radians.

Describes in two-dimensional coordinatecs the
inner and outer surfaces of the flow atreans
using the surface node coordinates.

Averages the cooling wall temperatures for
the surface nodes along the coolcd portion
of the configuration surfaces; prints these
averages.

Determines the average values of the parzmeters

necessary for force factor (pressure area
and friction forces) calculations for each
surface node along the configuration surfaces.

Determines and prints the average heat transfer

coefficient for each surface node along the
configuration surfaces.

Determines tne cross-sectional area of the
fluid flow streams as a function of the
configuration axial distance.

Determines for the internal view factors, if
the 1ine of sight between points cn two nodes
is tangent to a shadowing body.

Prints the average force factor for each
surface node and calculates and prints the
total net surface force factor for the
configuration.

Checks, for internal view factors, the visi-
bility between two nodes to determine if
shadowing may occur.

Selects the convection and conduction heat
paths from input data and forms the conduction
matyix.

Checks the data returned from routine BODY
for extraneous solutions.

18
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ROUTINE

CODE

COFLOW

COND

CONFLM

CPAGMA

CRODEL

CUBIC

DINVRT

DIS

PEDIT

PIIMCL

TABLE 1 (font)

BASIC FUNCTION

Analyzes the results provided by routine
FINDIT to describe the nature of shadowing
between two nndes.

Calculates the compressible flow properties
for the flow streams as a function of
pressure. Adjusts the flow for cooling or
ambient pressure at the exit of the
configuration.

Reads in those values of heat transfer and
fluid lump temperatures for nodes whose

thermal paths are¢ not connected with the
fluid streams.

Calculutes a pressure balance and surface
temperatures for a surface cooled by convec-
tion-film cooling for either counter or

parallel flow. Prints the coolant mass -

flow rate and pressure.

Calculates the specific heat at constant
pressure as a function of temperature for
routine HEAT and the specific heat ratio as
a function of Mach number of routines
RIMAIN and HEAT.

Computes Kroneker Delta for matrix solutions.

Determines the real roots of a third order
equation.

Computes the matrix inversion and accompanying

solution for linear equations.

Computes the distance between two given

1 +ne
ceordinates.

Selects the radiation view factor data from

the input data and forms the radiation matrix.

Calculates a pressure balance and surface
temperatures for a film cooled surface.

Prints the coolant mass flow rate and
pressure,
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TABLE T (Cont)

ROUTINE
NRE BASIC FUNCTION FAGE

FINDTT Locates the axinl positions of two nodes with
respect to the axial positions of the configyura-
tions surfaces. A-T1R2

FLOWNO Checks the resulting pressure Tor surface
corline against the s7otic pressure ont
the cooled svriace. Prints a warn.—.

£

diasnostic lo» greas of nu cooling {lrw. A-110

GATHER Combines data “om routines ANAREA 1nd
COTLON to form ¢ compressidle Llow
properties for can condiguration {low
stroans ., A-127

HEAT Calculates the initinl conditions necessary
{or ihe boundary iuyer calculations, A-153 .'j

HEATTR Calculates the convection heat transfer
coeffliciont. A-159

HOTPT Routine to control the calculation of
surface boundory layaers and heut transfer
cocfficients. A-149

TR v - v gy

MATPOS Chocks to ensur thot all the elements for !
convection and radiation matrices are
positive. A-197

MATSYM Completes the matrices for the convection '
heat paths and the rudicstion view factor
area product, A-198

o b rde o tmnach

i MINY Inverts the "Script F" matrix. A-222

ORDER Arranges two-dimensional coordinate arrays
into increasing order according to a
selected variable. A-39

. .

PICMAX Deterrines the maximum value of an array of
up to twenty numbers. A-190

PICMIN Detormines “he mirimum value of an array of
ap to twenty numbers. A-191

PLANCK PLANCK Black uvody functionm. A-219
PLOT1 Generates a plot of radiant intensity vs.

. wavelength for both the non attenuated and
> the atmospheric attenvated radiation data, A-206
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ROUTINE
NAME
PRNDT1

PRNDTL

PSOLN

QUAD

REDI

REDII

REMAIN

RING

RITE

RITER1

SCRPTF

SETFLO

SHADOW

TABLE, 1 (Cont)

BASIC FUNCTION

Calculate the Pranitl number as a function of
termperature for rdutine CONFLM.

i
Calculates the Pradtl number as a function of
temperature for routines TURBLT and RIMAIN.

Generates surface cooling flow supply and
discharge characteristics and solves these
simultaneously for calculation of the available
surface cooling mass flow rate and pressure,

Determines the roots of a second order
equation,

Computes the spectral radiant intensity
(watts/Steradian) for each engine off-axis
angle.

Computes and prints geometric view factors
for a detector to the configurations
surface nodes as a function of engine off-
axis angle.

Control routine for the fluid flow, heat
transfer, surface cooling and surface force
factor calculations. Prints the fluid flow
information.

Determines the interscction of a shadowing
body with the ''cone of vision" that a point
on one node secs another node.

Used to print the heading informution for
routine REDII.

Prints the surface radiation information.

Computes internal radiation interchange
factors for the thermal analyzer.

Determines the pressure balance for the
surface cooling routines if a cooling mass
flow rate is specified.

Describes the configuration surfaces uscd for
shadowing in routine VIEW in a manner compatible

for shadowing surface description of routine
REDII.
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ROUTINE
NAME

SIGNIR

STORE

CSTOTEL

STRATE

SUMAT1

TARLEL

TAIL

TAIL1

TAILZ

TAS1R

TEST1

TESTZ2

TESTN

TABLE 1 (Cont)

BASLC_FUNCT, N
The programs main routine. Controls the
flow throughout thec cutire nregrom,

Temporarily stores information necessary
for sverage heat *ropoisr cocfliciont

4

criculatons.

Temporarily stoves information vecessnTy
{or force factor cuiculations.

Computes solution utilizing linear inter-
polation voutine used in describing the
configuracion surfnce Jats Tor boundary
layer calculations.

Summates and prints the adiant intensity
for selected wavelenpsh hande,

Computes solution utilizing second order
interpolation of data and prevides the
first derivrtive of the intorneolated
{unction,

Interface parameter generation and I/0
program c¢ontrol routinc.

Metal signature calculation control vrouting,

I/0 and interface parameter calculation
control routine.

Controls program flow »nd data involved in
calculating the radiation interchange factor
matrix, conduction matrix, performing the
thermal balance ond printinrs the wall
temperature for cach ode,

Tests the possibility of one node being
shadowed by a secoud node which has the same
axial location.

Uetermines whether = point lies between two
other points.

Computes the last computed value of gcometric
view factor with the prcviously computed
value to determine whether the view factor
needs to be rec:lculated using Tiner
divisions of the nodes. This routine also
sets these divisions,

PAGE
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ROUTINE
NAME

TITLA

TRANCL

TURBLT

VECANG

VIEW

WRIT14

TABLE 1 (Cont)

BASIC FUNCTION

Controls output printing of the title page.

Calculates a pressurc balance and wall temp-
eratures for a transpiration cooled surface.
Prints the coolant mass flow rate and
pressure.

Calculates and prints the boundary layer and
heat transfer information as a function of
configuration axial distance.

Calculutes the argle of a node Telative to
the configuration center line.

Calculates and print. for each configuration
node, internal geomet.ic veiw factors.

Transters a two-dimensional array into a
single dimensional array.
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e The equivalent Black Body Area and Temperature are extracted from the
L data generated by SINIR. The first step is to detemmine the
. equivalent Black Bedy Temperature. This is accomplished by searching
\ the generated spectral data for the maximum intensity, figure 4, and
applving the Wien Displacement Law:

2897.9

Tn R = 3 - ° ¥
max

The equivelent Black Body Area is found by dividing the integrated
signature sbtained from SIGNIR by the Radiant Exitance over the band of
intere’st.

=

o A Ao
. 2

AEB = MQ(STGNIR) /f MG‘(TEB)
\q AN

Figure 5 shows a typical correlation between the predicted spectral
signature and the smectral signature of the equivalent hlack body.

These rosultant temperatures and arcas are the only pararcters transferred
hack tn ASDIR.
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

PLMDEF (Page A-81)
Plume definition and gas data array development.

Engine nozzle exit flow properties (velocity, pressure,
temperature, and species [H20, COZ] concentrations) as
-a function of radius.

Plume gas data array. At this point, velocity (ft/sec)
and pressure (atm x 10°3) are multiplexed into common
registers.

FLINP

The gas dynamic calculations made for the plume in this
program, figure 6, are applicable to axisymmetric
turbojet and turbofan engine with mixed or separate
co-annular co-plonar exhaust jets. The finite difference
calculations were developed to express the conservation
(mass, momentim, energy, and species) laws for numerical
integration by General Electric in their early SCORPIO
work reported in reference [5]. Two effective kinematic
viscosities were retained, one for physical mixing and -
the other for themmal mixing. The conservation laws
were simplified for axisymmetric flow whereby all
gradients in rotation about the centerline were not to
zero, and all radial components of mamentum were
neglected as being small. Second axial derivatives and
axial gradients divided by the radius were also neglected
in momentum. Thermal radiative heat transfer and themmal
generation were also neglected. In the derivation of the
energy conservation and transfer fimctions the effects of
the second viscosity, the square of axial gradients,
dependence upon radial velocity, and gradients divided by
the radius were minimized. The radial coordinate system
was transformed into a stream function cocrdinate system
after Von Mises. The transformation functions and the
transformed conservation relations to which the finite
difference procedure was applied are as follows:

Stream Function

Y -1
G s Bl e
‘w}'ne::e:l.mﬂ’-m--‘2 . -aln{_'.
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IR

Ay |
4,0 TIMEF . | L
INITIALIZE [t FLINP f
. e |
PRESET I _! ’
] " caLc. raniy FOR STREAMLINES K
i | r ]
! LOAD OUTPUT ARRAY FCR STATION |
4 . §
' )
) , o
| IF FTNAL STATTON -%-—-—7
i : L ' : -
‘ * RESET FOR NEW STATION
SEARCH FOR ‘SHEAR .LAYERS
v T ADJUST | NCREMENTATTON
: ++ ADD_AMBIENT RADI] AS NEGDED - :
) M . - : q‘
RESET MIXER FOR FIRST SHEAR LAYER 14
i\
l Poex : - 13
_ IF SECOND SHEAR IAYER ml L
L. et IVANCE MIXER FOR SECGND SHEAR LAYER 3
‘ TF STABILITY TEST SHOWS UNSTABLE :
LOAD PLUME GAS'DATA ARRAY o
TF STATION STAGING CRITERTA NOT SATISIFIED -
PROCEED TO RABLT* CALCULATION , . .
[ . N ' { %
. EEmm— oA
e 4
. |
Figure 6. PLMDEF Flow Diagram | i
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CONTINUITY:

for the stream function:

wO¥ oY 9Y  ¥B¥ 3y 3y 0
"9xdr © 3T 9x  Orox - 9x or

and after the transformation:
Y elpvmy |
x| pur a¥\pur
MOMENTUM :

du I, 9fpPurt du d
ax ¥ aw( ¥ ST T pudx

ENERGY :

ox Yy -T
?
4+ [RRur? Y1 21y 9y
¥ o) e YoV Cpi ¥

Ja 2 2 30.)
L. 9 ipurl i
{ v S 5y)

where:
T = gas static temperature or thermal subscript
u = gas axial velocity
v = gas radial velocity
Prandtl number = cpp€/k = 1

Schmidt number ~ €/D = 1; in which D s the binary
diffusion coefficient

€ = effective kinematic viscoeiiy

ai = gpecles concentration
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ac
—:fz is an assumed radial dependence for the gradient

of the specific heat of a mixture of gases = cp/r.

Othar quentities and terms are conventional.

The effective viscosity adopted for ASDIR includes the Donaldson and
Gray treatment for the compressible frce mixing of two dissimilar gases
as reported in the ALAA journal, Vol 4, no., 11, ‘in November 1906 and as
applied by General Tilectric in SCORPIO-11 [5].

Overall, the plume model appears to reflec she cssential features of

measured plume data in those remions where the gas is hot. The regions
where the model tends to lose accuracy are toward the outer edges where
‘he gas shear appedars to be too small thus aliowing the plume to spread
r xcessively. However, the plume temperaturcs and species concentration

are ossentially ambient in vnlue so that the radiance and transmittance
errors are small.

Viscosity Model

The choice of the turbulent viscosity, ., is critical to the
P plume flow field. Past models, availablc in the iiteraturc (Schlicting,
. MAbramovich, Warren and Applied Science Laboratories), show the turbulent
aviscosity as a function of axial distance and velocitics in the mixing
" region. Preliminary results for the {low field showcd that the analysis
using these models dis not agree with jet engine test duta. A modified
temperature dependent model tor viscosity was formulited to include the
temperature cfiects of hot flow,

The model being used in this analysis is:

ful
]

e {0 - U3/ LONST (T, /1) 2T oy

where

#

y =13 MC < 0.6

#

vy * 1.6/(1 + MJ 5 M. > 0.0

The value for vy is from a paper by lonaldson and Gray. The

- value of (NST depends on the nozzle cxit Mach number (M.) and the centerline
DR S «_mperaturc. (Sec Page A-85).

Stability and Print Criteria

In order to insure stability, the axial step size, Ax, must be
: kept small. It was found that the system became unstable when the
" influence parameter -

'
-

cz = {Ax=eeu-v?+p?}/{2-92-T?*r*} > 0.20
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.

To achieve a solution in a reasonable length of time, the
step size Ax should be as large as possible. Accordingly, czm, the
maximum value of cz for cach axial location is examined. If czm is
too great, Ax is reduced for ensuing calculations. If czm is too
small, Ax is increased for ensuing calculatioms.

Flow parameters are not entered into the data array at every
value of Ax calculated. The calculation step sizes are too small.
Tabulation occurs whenever the number of Ax increments from the previous
calculation exceeds NBS or the sun of the Ax's exceed Axp. Axp is
incremented after each tabulation such that

AXpN = Xpo (0.5N)

Excessive static pressure at the nozzle exit pluane is treated in a
pseudo convergent-divergent nozzle manner which reduces the pressure to
ambient value while accelerating and expanding the plume core to
supersanic velocity over an axial distance of one nozzle diameter.

The program develops a plune gas data array containing the velocity,
pressure, temperature, COz concentration, Hy0 ccncentration, and radius
for up to 30 radii over an axial span of 49 stations. The velocity and

pressure are nultiplexed to share cammon registers. (See PLMOM for
demultiplexing).
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PROGRAM:

FUNCTTION:

INPUT:

CUTPUT:

SUBROUTINES:

DESCRIPTION:

FLINP (Page A-87)

Prcvide a vehicle by which the required calculation
parameters, nozzle oxit flow quantities und data
initialization can be read into ASDTR,

A1l control and computational variables in the PLUMIN

namelis=t.

Computationally compatible cngine nozzle exit plane
[low quantity data. Nozzle and umbient data are printed.

CHEM, THRUST

The flow diagram of Program FLINP is shown in Figure 7.
The function ol this program is to initialize engine
operational input and control quantities. The control
function is derived {rom the input data. I the engine
operational input quantitics are not of the nroper fomm,
certain operntions and additional reads arce invoked to
put the input into a £o1m compatible with the PLMDEF
program. BDetails can be {found in ASDIR-IT, Volume I,
Users Manual,

In general, if PA is contained in namelist PLUMIN, the
Mil Std 210 standard atmosphere in subroutine THRUST is
bypassed, The inference is that an off-standard or test
facility ambient condition is being simulated and the
other ambicnt quantities arce required in PLUMIN.
Similarly, this program will bypass the default engine
sample case if a noznzle eoxit velocity UB(1) is given
greater than 1 £t per sec or if an arbient velocity UA

is given greater than 11 ft per scc. Further, if U8(1)
i, greator *hom 1 the volume for T8T, P8, Py, XCO02, XH20
will be accepted as piven in PLUMIN.  Apain, if XCOZ has
been omitted or given =z small value (i.c. © XCO2A), the
XC02, X120, R, GAMMA, etc¢. will be calculnted in GIEM
for the fuel type (TANE) and stoichiometric cquivalent
ratio (FQR). Finally, if a gas quantity distribution for
U8, T8T, XCOZ, and ¥H20 is given in PLUMIN, they will be
accepted unchanged since the load array kev is taken from
a test on U8(2).
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INITIALIZE - = _

READ '

PLUMIN

THRUST

Load Un T I ] . ' .
and ambimi ¥3 for primary nozzle, secondary ,mlz.l?B

 with flat distribution.”
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IH (XC02 = XCO24)

IF (XC02 = Xoza) [

4 ' e

Generate an ; . ;
Statioes and load final mozzle exit data array Ifht-f»irst
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Figure 7. FLINP Flow Diagram
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PROGRAM:

FUNCTION:

TNPUT:

QUTPUT:

SUBROUTINES:

DESCRIPTION:

CHEM (Page A-91)

Generate the post combusticn gas description (gas
constant, specific heat and speci fic heat ratio,
molccular weight, specles conservition, etc) for a given
fuel type, TAWE, stoichiometric equivalence ratio, EQR.

TANE, FQR

Fuel to air ratio, gas constant, specific heat, gamme,
€07 concentration, and Hz0 concentration.

None

This program calculates the gas properties for the
products of combustion with ideal combustion. Since
combustion products properties vary only slightly with
pressure and tend to chemically freeze near 2500°F in
typical nozzle flow, the precision of this simple college
chemistry approach is adequate and the {nst colculation
makes it a worthwhi le approach.
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

U —

THRUST (Page A-93)

Provide a vehicle by which the required calculation
parameters and engine operating quantities can be read
into ASDIR.

All control and computational variables in the POWER
namelist,

Compr.tationally compatible enginc nozzle exit plane
flow quantities not provided in FLINP input namelist
PLUMIN. Flight condition data is printed.

M

The flow diagram of subroutine THRUST is shown in figure
8. The function of this program is to read atmospheric,
engine type, data type code, and engine specific
performance data. The program control functions described
for Program FLINP apply throughout this program.
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n
Rl '
THRIET
INETTALIZE
IF (US(1) > 1) Namelist PONEE.
" IF (UA S 1) Flight Code
: ’ Atmosphere Code
i : / rmgine Code
| PRELOAD DEFAULT ENGINC " specific Data / T
! ! ¥
~~—3p~ READ NAMELIST POWER
|
. . !
- TF A ) ', |
‘A l
i 1 ——-——‘
tm,CMLSTDZ.wATms. ' | Gmv g
Iy J-‘——u—- %
'—T CALC RAM
¥ .
> IF (U8(1) > 1)
5 {
| CALC. ENG. PERF,, SET EQRwl jemoesther ; ' "1! 1
CHEM :
Le ) | 1
CALC EQR. FROM FUEL FLOW ___#——'———— 4
! - 1
CALC NOZ. FLOW QUANT. -~——ij TV )
t LOAD DATA ARPAY ; 1
. | E | - |
i L—-T*PRINT FLIGHT CONDITTNS i
- i -mann ~ !
.
¥ . |

E

Figure 8. THRUST Fiow Diagram
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PROGRAM:

FUNCTTON:

INPUT:

OUTPUT:

SUBRCUTINES:

DESCRIPTION:

PLMDM (Page A-98)

To manage the plume gas data. An input control

parameter, KDATA, controls the dispatch of the plume
gas data.

Plume gas data and the control code KDATA.

Plume gas data output to cards, tape, printer, or
printer plot in any combination.

PLMPLT, PLMPRNT

Each digit of the five digit integer KDATA controls an
1/0 function. KDATA is represented by the valuc:

KDATA= ABCDE

If A~ 0O, a new plunc will be calculated. If A = 1%,
an old plume previously filed will be brought in and
plume calculations will be bypassed. If A > 1, plume
gas data will be read from input cards.

If B = 1*, the plume gas duta array is filed in the
camputer for later or repeated analysis. If B # 1, the
iiling operation is bypassed.

If C = 1%, the plume gas data array is punched into
output cards for later or repcated analysis. If C # 1,
the punch operation is bypassed.

If D = 1, the plume gas data array is printed in output
by subroutine PLMPRNT. If D # 1, the print operation is
bypassed.

The subroutine PIMPLT is called with the final value E
in the KDATA code. The L value has a different pattern
than exhibited by A through D, see PLMPLT.

Tn addition to breaking down the code carricd by KDATA,
this program auds a layer of ambient data all around
the plume data. The ambient data blarket is aecessary
to contain the interpolation exercises perfommed in th2
ray tracing calculations. The program then searches the
plume gas data array to locate the tip of the core and
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: record such other parameters such as plume length AL, plume diameter
i RIND, plume odpe tongent T™NB, ctc.  The minimum output PB, XC, REND,
- and AL is printed.

The PIMOM flow chart is showm in Fioure O,

*This code represents a machine dependent operation and may require
fui ther cevelopment for sat.sfaclory oncration.
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Commson Blotks :

-

if (A=1) . IBeadTape‘B

*I!. 3

>

it

Load anbipn(‘: ‘data.blanket SRR RS

[f (A4 D) | Fead Impue

T

Seuch»dn;ta:for XC, REND, etc

LA o

Print minimm output
; ]
T

Ty

Write Tape 8 f
i " . : . : ] 7,/. - { .
":A—-u\-'vw -—7‘. I I II‘T
if (C=1) - | Punch plhe gas dsta array

T ] I
if(=1 "
i C | |

{ o | , °

- N . . _—
) . :

Call PLMPRNT :

Gl s el e

Call PLWLT’ .
I . 5

. ‘ | ’ | i

)
Figure 9. PLMOM Flow Djagram ‘ | ‘ %
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUT'INE:

DESCRIPTION:

PIMPRNT (See Page A-100)

Print the contents of the plume gas data array on
the output printer.

The plume gas data array
The plume gas data

None

Print the plume gas data array. The plumc gas data is
printed in the ‘ollowing sequence:

- general caption
- plume station number and location
- centerline and edge Mach nurbers

- radius, velocity, pressure, temperature, and CO2
and H20 concentration

Units are printed in the captions. The quantities printed
are all self explanatory except the edge Mach number.

The edge Mach numbetr is that value at the outer edge of
the innermost shear plane. This quantity will tend to
oscilate due to thec stepping and clipping process which
occurs in the finite differencing procedure.

S .

[T APE- 19 PO S SRCII 51 SIS Sy

Bt i pncklEatin o s




PROGRAM: PIMPLT (See Page A-101)

FUNCTICN: Plot selected pldne gas data quantities on the
output printer.

INPUT: The plure gas data array and the final digit of the
KDATA control code.
OQUTPUT: Selected arguments of the plume gas data plotted on
p the output printer.
N
SUBROUTINES: None K
DESCRIPTION: The output printer has 136 characters horizontally and V

R

more than 60 lines vertically. The grid represented
by lines and characters arc assigned one of the letters
in the word plume (P L UM E) with the addition of #
to permit the plotting of six ranges. A space is
assigned the first character portion after a change in
range, The nozzle exit plane value establishes the
separator between # for values greater than the nozzle
exit value and P for values between 80% and 100% of the
g nozzle exit value. Values in the 60% to 80% range are
assigned L. Values between 40% and 60% are assigned
U, etc. FEach line represents a radius, and the ;
interstation distance accunulates a aumber of characters. HE
With two way interpolation a printer line is compiled '
and printed. After the data has been plotted, the axial .
scale is compiled and printed. .

g Weta B e it = -

provided by the single digit value remaining in KDATA Yooy
: after having been stripped in program PIMDM. Up to '
. four plots can be generated. In their plotting sequence,

they are temperature, XOZ concentration, H20 concentration,

and plume velocity. The appropriate captions are
i included. All four data arguments are plotted if the E

value of KDATA is given as O. If E = 1, no plots are '

printed. If E = 2, the last three are printed, if E = 3,

the last two are printed, if E = 4, the last plot only Co

is printed, and if E is greater than 4, the program will G
' fail. For the general breakdown of KDATA, see program i
.. PLMDM. a

The code designating the plume gas data to be plotted is : i
:
!
i

The final activity accamplished in program PIMPLT is the

de-multiplexing of the velocity and pressure. The B

pressure is brought up from the back of each velocity- s

, pressure register and replaces the velocity. The '

velocity is no longer retained in the plume gas data
array.
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUT'INES:

DESCRIPTTON:

ALPLUM (See Page A-47)

Calculate total apparent spectral radiance of
oxhaust plume and hot cngine parts as reccived by

an obscrver with plume and atmospheric cmissions and
attenuation, including background contributions
considered.

Flight conditions, engine hot parts and plumc
parameters.

Engine/Plune IR Signature
RAYCAL, PLURAY, PLUSIG

The flow diagram of program ALPLUM is shown in figure
10. The prime function of this routine is to be the
controlling program to allow calculation of aircraft
infrared signatures. Description of the wnrking
programs controlled by ALPLUM arc contained under the
individual program titles.
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PROGRAM:

FUNCTION:

INPUT:

QuTPUT:

SUBROUTINES:

DESCRIFTION:

RAYCAL (Page A-50)

To segment plume into discrete areas for signature
analysis in other routines.

Plume and engine geometry.
Axray of plume segment parameters.

None

RAYCAL, being basically geometric, is a relatively
simple progrom.  However, since signature prediction
dccuracy is devendent upon the geometric representation
of the engine nozzle and the plume, graphical detail
will be presented {or this routine.

The engine nozzle and plume are characterized as a series
of planar arca scgments each yvepresenting the termination
of a ray or beam of radiated energy. ECach segment
represents cither free (backgroumd) space or o black
surface. The cross-sco-tional shape and avea of each ray
is defined by thc rsepuentation scheme and is constant
along the ray centeriine. The segmentation scheme takes
{ull advantage of symmctry as described with reference

to the six accompanying figures.

Rectangular coordinates provide, figure 11, the framec-
work for the ray definition. The X axis represents the
engine nozzle centerline. The D axis, in the nozzle
exit and perpendiculdar to the centerline X, is free to
rotate about X <o that the plane D-X will contain the
centerline ray. The lateral axis, Z, is nomal to both
D and X. The angle of view, known as the aspect angle
or ASPIEG, A8, is meiasured {rom the centerline X and
lies in the D-X planc as shown in figure 12.

Dimensions on D represent the normal intercept of
the ray centerlinc on plane D-Z from the Z axis.

Dimensions on Z represent the lateral intercept of
the ray centerline on plane D-Z from the D axis,

Dimensions on X represent the axial intercept of the
ray centerline on planc X-Z from the Z axis.

The simplified plume geometry adopted for use in this
program is shown in figure 13. The plume is analyzed in

three independent but adjoining regious:




(1) The plume core is segmented in the X-Z plane into a
; nunber of radial and angular segments shown in figure 14,
o - Segmentation begins at the extremity of the nozzle exit

projection on the X-Z plane and continues to the extremity of
the core.

(2) The plume skirt is segmented in the X-Z plane into a
nunber of radial and angular segments shown in figure 15.

Segmentation begins at the extremity of the core and continues
to the extremity of the plume.

(3) The engine nozzle is segmented in the D-Z plane into a
number of radial and angular segments shown in figure 16.

Each planar segment so gencrated also defines a ray segment. The D-Z
or D-X ray segment centerline intercept is centrally located, see
asterisks, in each planar segment. Further, each segment is considered
to be the ray segments own projection on the D-Z and D-X planes fram
which the ray segment cross section area, RAR, is calculated.

The Tay ségments are generated on the first call to RAYCAL. Successive
calls simply transfer previously generated data.

ik ok

e B e

el i

S
i

i

:

:

{

i
| ‘Z...u
| e e o 2 et b
‘\ . . - e meme o metammn e e — )




TERLETTIRE T S T T TR T e T T AT e paialen o shin o RubAda AR Z...u.:..ﬂin..%ld!!d!l«.ﬂl.,,..usj
. - e T .o T LT e e i

-

. ) wWa1S4Ag
areTd (X ‘g) g1 omSig Bmcﬁpoooxmm.:pu&m

a
- .IN. . -
X
—————ae ;*l —_— e
R .
—_— — _ — o .L.v rd e




“.



Riaas Cax ihiall T o = T EWTG g T I S emrTemm T i e e e e ‘,. ...i!l - e .1. i

v v e e B

eund (z ‘X) wpidey ar0) o uoTieIUNBIS *p] AMIT

TU-E = d I T—— -+

1
1
A*_‘ .
b =1
1
]
|
|

.ummwz«z\ﬁmw.%p& ) . e .f T /..H_
e e A — b

!

]
m'ﬁ‘

W + K

wp s G

1]
D::\)

ap + W

»

H0ou + LeasH = N | —
B I S > < Ui AR

Em.mmx-%u,% b " -

-+
=4




Rt e s R et R
e .
R R s bt T o
- T e——— Y T B . oL R .
i 3 o , . - P .- ~

_
- i
!

ia (2 ') otk aiod-en 0 wrpsiusda sf s | |

Co - ..” H . §+A<uvm - : T ., |

WP+ of

£

T weTan
WY + X = Iy
. LB/ (X-1¥) = up-

S —




IDCGN/Ed » 7 = WP

OAOXYN/ 08T = 8

UOT1BIUNIERS JTXT 3[ZZON

01

am313

= o

B el il e

g T e .<.rj

—— e




PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

PLURAY (Page A-54)

Generate the parameters describing the ray which
are required in the signature analysis routines.

Ray starting geametry, plume gas parameters.

Ray geometry, gas partial pressures and gas static
temperature arrays.

INTERP, START

By referencing the plume gas data and tre ray
definition parameters, this routine fills thec pressure,
temperacure, and length urray with the proper data for
ray signature analysis, see figure 17.
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Find starting and ending
points of ray within
plume.

9
5

Interpolate on plume
parameters.

i Yes

Figure 17. PLURAY Flow Diagram
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINES:

DESCRIPTION:

START (Page A-57)

To calculate the starting and ending points of
a ray through the plume.

Plume geometry, ray intersections
Starting and ending dimensions of ray
None

The starting and ending points are banded by
engine geomctry, engine plug geometry and flow
field boundaries.
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: PROGRAM:

FUNCTION:

INPUT:
QUTPUT:
SUBROUTINES:

DESCRIPTION:

INTERP (Page A-61)

Interpolate on gas parameters to Tind values at a
given point w  in the plune.

Gas parameters and coordinates of point in plume.

Concentration and temperaturs at input point.

Norn

This program interpolates between stations along the
centerline of the plume and along the radial dimension
of the plume to {ind the static temperature, mole
concentrations of water vapor and carbon dioxide and
gas pressure at the input coordinate.




PROGRAM: PLSIG (Page A-63)

FUNCTION: Evaluate the spectral signature and transmittance

of a nonuniform gaseous path of NT segments.

INPUT: Ray properties (temp, pressures and lengths), and
frequency interval,

OUTPUT: Spectral signature of gaseous ray and spectral
transmittance of ray.

SUBROUTINES: ATMOS, KBCAL, PLANCK, INTERPO, SETTAU, TAUCAL,
TAUN20, ERF, DAH20, DCO2

DESCRIPTION: The flow diagram for PLUSIG is shown in figure 18. .
The prime function of this program is to calculate
the spectral signutures of nonuniform gas paths with
various end conditions. The gaseous ray is divided "
into NT nonuniform segments with each segment defined n
by the partial pressures of HyO (PH;), CO, (PCi) and ;
broadening gas (PN;), length %Di) and static i
temperature(T:). 2& brief discussion of spectral '
radiators follows:

|

7
Continuum radiation is obtained from liquids and |
solids because the molecules of the substance are in ;
direct contact and exert forces on each other causing
all levels of molecular emissions to occur. However,
in the case of gas molecules, ihe intermolecular >
spacing is large and the free molecular vibrations '
and rotations result in discrete spectral emissions.

The intensity of these discrete gaseous emissiors
obeys the PLANCK radiation law as modified by Kirchoff's
law. However, the emissivity of the gas is spectrally
dependent and radiation is emitted or absorbed only in
narrow wavcelength intervals called spectral lines,

These spectral lines are clustered intc tightly spaced
sets called bands. The emissivity of the gas is zero
outside these bands and dependent upon line spacing
and intensity within the bands.

i e AL et s sk i s Bl e

-
s et ks @

PESENS

The inhomogeneous gas band-medel expressions used
, in this program were developed at the University of
0 » Michigan and are based on the Curtis-Godson
- approximation. Rather than attempting to fully explain
the excellent work performed at the University of
Micl'igan Infrarve and Optics Laboratory {now ERIM) in
‘ the veas of gaseous emission.and absorptions, see
o references [5, 6, 7, 8, 9, 10].
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A simplified discussion of the function of the program PLUSIG
follows: A ray of NI segments, NA of which are atmospheric, of
cross sectional area A is entered into the program, figure 19.

Each of the NT-NA segments, representing the exhaust plume gas, are
described by the gaseous partial pressures, temperatures, and
lengths, The atmospheric segments are front loaded in the ray array
through the use of the subroutine ATMOS and the range between, and
altitudes of the observer and vehicle. The transmissions of each
ray segment are calculated in PLUSIG using subroutines KBCAL,
INTLRPO, SETTAU, TAUCAL, TAUN20, ERF and data contained in Data
Blocks DAHZ0 and DCO2.

Figure 19 depicts the information available for a given
frequency intcrval after the exercise of the transmittance
calculation subroutines. The signature of the ray is found from

NT
\)ray B izl Le\)CTi)'avi

€
where Le\; is the PLANCK function and « vi is the absorptance when

1
o = (1=~ )T T .
V1 \)1j=1\)3

The total transmittance, T, for the gaseous puth containing NI
elements is extractable,

Thus the spectral transmittance can be used to determine the
plume and atmospheric attcnuation of a black surface at the
temminus of the ray, figure 20.
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Figure 19. Ray Gem_btry
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUI'INES:

DESCRIPTION:

ATMOS (Page A-69)

Generate temperatures and partial pressures along
an atmospheric path of NA elements and front load
the ray pressure and temperature array with the
atmospheric data.

Range, altitude of plume and observer, number of
atmospheric segments

Hz0, COz and N7 Pressures

None

Given the geometry of figure 21, the altitude at
point r is generated and the temperature and
pressures are found from the empirical curve fits
ws?d in the computer code. References [8, 11, 12,
13].
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Geometry used in Atmospheric Model
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBROUTINE:

DESCRIPTIMN:

SETTAU (Page A-70)

Insert pressure broadening effect of broadening
gas by modifying effective gas pressures.

Hz0 or €Oz and N gas pressures
Modified gas pressures (H20-N2 and CO2-Nz mixtures)
None

References [6, 7, 8, 9, 10]
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PROGRAM:

FUNCTI(N:

INPUT:

CUTPUT:

SUBROUTINES:

DESCRIPTION:

TAUCAT. (Page A-71)

Calculate the gaseous transmittance in a given
frequency interval.

Pressuves, temperaturcs, gns parameters (X § Q)
Gascous Transmittances, T(v)

INTERPO

Calculate transmittance of gascous substance over a
given frequency interval using overlapping line
approximations.

T(V) = expl-fe+f]

Where Pe is the effective value of ¢ and f is the
Ladenburg-Reiche function. References [6, 107.
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PROGRAM:

FUNCTION:

INPUT:

QUIPUT:

SUBROUT'INES

DESCRIPTION

KBCAL (Page A-73)

To look-up and interpolate on the band model
parameters for a given frequency.

Frequency, gas type
K, 8, temp and number of temperatures

None

The average line width to spacing ratio multiplied
by 1/2 w called B, and the average line strength to
spacing ratio called K are generated in this
subroutine. These parameters are found at a given
input frequency for Hp0 and COy over the temperati e
range from 300°K to 3000°K.
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PROGRAM:

i:

FUNCTION:

INPUT:

QUTPUT:

SUBROUTINES:

DESCRIPTION:

i
!
o

Fmction FLNCK (Pace A-75)

Calculate PLANCK's bluackbody function
Frequency (em™ 1), temperature (°K).
Watts/Steradian/cm3

Nonc

From the classical cxpression for the radiant
emittance into ¢ Lambortian hemisphere

22D x°
Yo T Tl T

where
x = hv/kT

the spectral radiant sterance for a given frequency
and temperature can be found

Ly, = 2he®* v/ (exp(x)-1)

Sce Reference {147,
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PROGRAM:

FUNCTION:

INPUT:

OUTPUT:

SUBRQUTINES:

DESCRIPTICN:

Function INTERPO (Page A-76)

Interpolate over the N dimensional set (X, Y) to
find the value at a given point (ARG).

X, Y, N, ARG

INTERPO

None

See ruge A-76,
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- PROGRAM: TAIN?D (Prge A-77)

FUNCTICN: Calculnte transmitiunce of NpQ in the atrosphern i
over colecte ! oo oy interna L,

INPUT

Frequency, atmesvheric NG,

ouTuT: Transmittance of NoO in atmesnhere.

STRROUTINTES: RRF. INTURLO

o
4
. "‘u. E
DTSCRIPTION: See Page A-77. :
e i
oI 1
o
w5,
|
: !
‘5 éf ‘
i
[ R
1
o
i s
b
Iy !
" .
0 -
[# I -
(:.‘
& ° 1 OO
s
o !




PPOGRAM: Function ERF (Page A-78)

FINCTION: To evaluate the error function, erf(x).
INPUT: X
OurPuT: ERF (x)
SUBROUT INE:S; None
& DESCRIPTICN: Evaluates the error function. ,
X '.
E
terf(x) = 2/V7 fexp(-tz)dt .
0 4
]
1
1
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APPENDIX

i This appendix contains a listing of the Aeronautical Systems Division's
' Infrared Signature Predicting Model (ASDIR). The computer code was
developed in the structural form shown in figure 22. The overlays are
organized in three major functional groupings with a fourth overlay

dedicated to data initialization. The prime functions of each overlay
are:

Overlay |

(0,0) Program Control ;i

(1,0) Data Input § Initializatioa é

(2,0) Plume Signature Calculations :

(3,0) Data Initialization \

(4,0) Plume Gas Dynamics ?

(5,0) Plume Data 1/0 .

(6,0) Spectral Filter Data Initialization | j

(7,0) Spatial Output { %

(11,0) Hot Parts Temperature Calculation )

(12,0) View Factor Calculations :_i

(15,0) Hot Part Radiation Calculations i
(14,0) Liot Part Data Conirol ] '1;

; 3
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}
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